Zinc chloride (98%), 2-methylimidazole (99%, 2-MeIM), RuCl 3 ·3H 2 O (Ru ≥ 38%), CuCl 2 ·2H 2 O (99%), cyclohexene (99%), 2-cyclohexen-1-one (98%) and phenyl sulfide (99%) were purchased from Sigma-Aldrich. 2-Cyclohexen-1-ol was purchased from Tokyo Chemical Industry. Co., Ltd. cis-1,2-Cyclooctanediol (95%), Pd(NO 3 ) 2 ·nH 2 O (Pd ≥ 39%) and diphenyl sulfoxide (98+%) were obtained from Alfa Electronic Supplementary Material (ESI) for Chemical Science. This journal is
The microscopy study of emulsions was conducted using a microscope (olympus, IX83, Japan) using Rhodamine B. For fluorescence microscopic analysis, water was stained with 5 µl Rhodamine B (0.1%, w/v), and the emulsion preparation was then followed as described above. The size distribution of the droplets in emulsion was obtained by using dynamic light scattering (DLS). Measurements were carried out using an LLS spectrometer (ALV/SP-125) with a multi-τ digital time correlater (ALV−5000). Light of λ = 632.8 nm from a solid-state He-Ne laser (22 mW) was used as the incident beam. The measurements were conducted at a scattering angle of 90°. The correlation function was analyzed from the scattering data via the CONTIN method to obtain the distribution of diffusion coefficients (D) of the solutes. All the measurements were performed at 25.0 (± 0.1 °C).
Synthesis of Metal-Organic Frameworks (MOFs) in the W/O Emulsion:
The method to synthesize MOFs were similar to that reported by other authors. 3 The main difference was that the MOFs were synthesized in emulsion. As example, preparation of the MOF formed by Zn 2+ and 2-MeIM (Zn-MOF) was discussed. 68 mg of ZnCl 2 was dissolved into 16 ml of water containing 60 mg surfactant and 62 ml of dichloromethane, stirring rapidly for 5 min to form emulsion. After that, 122 mg of 2-MeIM in 10 ml dichloromethane solution was added into the emulsion and stirred at room temperature for 8 h. Then, the obtained solid sample (white powders) was washed with ethanol/water alternately for five times and dried in the vacuum oven at 70 o C for 12 h.
In Situ Preparation of Au/Zn-MOF, Au/Cu-MOF, Ru/Zn-MOF, and Pd/Zn-MOF. The synthesis process was similar to that for preparation of the corresponding MOFs discussed above. The main differences were that various metal precursor HAuCl 4 /RuCl 3 ·3H 2 O or Pd(NO 3 ) 2 ·nH 2 O was added into the aqueous phase respectively during the emulsification process. We described the procedures to synthesize Au/Zn-MOF in detail because that the synthesis of Au/Cu-MOF, Ru/Zn-MOF and Pd/Zn-MOF were similar. In a typical experiment to prepare Au/Zn-MOF (0.8 wt% Au loading) with 0.8 nm Au particles, 0.5 mmol (68 mg) ZnCl 2 was dissolved into 14 ml water, and mixed with 2 ml 6 mmol/L HAuCl 4 aqueous solution (pH = 7.0, adjusted by NaOH freshly). Subsequently 62 ml dichloromethane solution containing 60 mg SAAS-C 12 was mixed to form emulsion with stirring rapidly for 5 min, after that another 10 ml dichloromethane solution containing 1.5 mmol ligand 2-MeIM (122 mg) was added into the emulsion. Firstly, Zn-MOF was synthesized at water droplets/dichloromethane interfaces at 25 o C for 7 h, then the emulsion was heated to 35 °C for 30 min for reducing Au 3+ . The obtained Au/Zn-MOF precipitates (pale yellow powder) were separated, washed with water/acetone alternately for 5 times, and then dried under vacuum at 70 °C for 12 h.
For comparison, Au/Zn-MOF composite was prepared using two-step method by adding HAuCl 4 solution (Au precursor) after Zn-MOF formation. The Zn-MOF was first synthesized in the emulsion at room temperature using the similar method discussed above. The only difference was that Au precursor was not added. After the formation of Zn-MOF in the emulsion, 2 ml of 6 mmol/L HAuCl 4 aqueous solution (pH = 7.0, adjusted by NaOH) was added to the emulsion dropwise. The emulsion was stirred at 25 o C for another 5 h and heated to 35 °C for 30 min to reduce Au 3+ . The obtained Au/Zn-MOF precipitates (pale yellow powder) were separated, washed with distilled water/acetone alternately for 5 times, and then dried under vacuum at 70 °C for 12 h.
To prepare Au/Zn-MOF with 1.0 nm Au particles (1.1 wt% Au loading), Au/Zn-MOF with 1.5 nm Au particles (1.3 wt% Au loading), and Au/Zn-MOF with 2.0 nm Au particles (2.0 wt% Au loading), 2 ml of 16 mmol/L, 2 ml of 25 mmol/L, and 3 ml of 30 mmol/L HAuCl 4 aqueous solutions were used (pH = 7.0, adjusted by NaOH freshly), and other conditions were the same as that for preparing Au/Zn-MOF with 0.8 nm Au particles. The procedures to synthesize Au/Cu-MOF with 0.8 wt% and 0.8 nm Au particles was similar to that for preparing Au/Zn-MOF with 0.8 nm Au particles. The different was that 0.5 mmol (85 mg) CuCl 2 ·2H 2 O was used to replace ZnCl 2 . For preparing the Ru/Zn-MOF and Pd/Zn-MOF, 2 ml 5 mmol/L RuCl 3 ·3H 2 O aqueous solution and 3 ml 30 mmol/L Pd(NO 3 ) 2 ·nH 2 O aqueous solutions were used, respectively.
We would like to mention a phenomenon that if the oxidation ability of the metal ions is very strong, the metal ions will be reduced spontaneously before MOF generation, and subnanometer particles were not easy to obtain in this method.
Light Microscopy. The microscopy study of emulsions was conducted using a microscope (olympus, IX83, Japan). For fluorescence microscopic analysis, water was stained with 5 µL Rhodamine B (0.1%, w/v), and the emulsion preparation was then followed as described above.
Droplet Size Distribution of the Emulsion. The size distribution of the droplets in emulsion was obtained by using dynamic light scattering (DLS). Measurements were carried out using an LLS spectrometer (ALV/SP-125) with a multi-τ digital time correlater (ALV−5000). Light of λ = 632.8 nm from a solid-state He-Ne laser (22 mW) was used as the incident beam. The measurements were conducted at a scattering angle of 90°. The correlation function was analyzed from the scattering data via the CONTIN method to obtain the distribution of diffusion coefficients (D) of the solutes. All the measurements were performed at 25.0 (± 0.1 °C).
Material Characterizations:
Powder XRD analysis of the samples was performed on the X-ray diffractometer (Model D/MAX2500, Rigaka) with Cu-Kα radiation, and the scan speed was 5 o /min. The morphologies of Zn-MOF, Cu-MOF, Au/Zn-MOF, Au/Cu-MOF, Ru/Zn-MOF and Pd/Zn-MOF were characterized by scanning electron microscope (SEM) (TECNAI 20PHILIPS electron microscope) and transmission electron microscope (TEM) (JEOL-1011 and JEOL-2100F). HAADF images were obtained by JEOL-2100F. The porosity properties of the materials were determined by N 2 adsorption-desorption isotherms using a Micromeritics ASAP 2020M system. The Au, Ru and Pd loadings in the catalysts were determined by ICP-AES method. Xray photoelectron spectroscopy (XPS) analysis was performed on the Thermo Scientific ESCALab 250Xi using a 200 W monochromated Al Kα radiation.
Typical procedure for the catalytic oxidation of cyclohexene over Au/Zn-MOF: The aerobic oxidation of cyclohexene was conducted in a 20 ml stainless steel batch reactor. In the experiment, 30 mg catalyst, 0.5 mmol cyclohexene, and 2 ml dioxane were added into the reactor. O 2 was introduced into the system at 1 MPa and the pressure was maintained during the reaction. The reactor was placed in oil bath of desired temperature. The reaction mixture was stirred for desired time. Then, the reaction mixture was cooled in ice-water and O 2 was released slowly. The reaction mixture was analyzed using a gas chromatograph (GC, HP 4890) equipped with a flame ionization detector (FID), and isopropanol used as the internal standard. In the reuse experiments, the catalyst was separated by centrifugation and washed with acetone for four times, then used for the next run after drying at 70 o C under vacuum.
Typical procedure for the catalytic hydrogenation of diphenyl sulfoxide over Ru/Zn-MOF: The experimental procedure was similar to that discussed above. In the experiment, 40 mg Ru/Zn-MOF was placed into the 20 ml stainless steel batch reactor. 0.5 mmol diphenyl sulfoxide and 2 ml dioxane were added into the reactor. H 2 was introduced into the system at 5 atm and the pressure was maintained during the reaction. The reactor was placed in oil bath of desired temperature. The reaction mixture was cooled in ice-water and the gas was released. The reaction mixture was centrifuged to separation and analyzed using a gas chromatograph (GC, HP 4890) equipped with a flame ionization detector (FID), and isopropanol was used as the internal standard. In the reuse experiments, the catalyst was separated by centrifugation and washed with acetone for four times, then used for the next run after drying at 70 o C under vacuum.
Results and discussion

Characterization of the emulsion formed by the bio-based surfactant (SAAS-C 12 ).
The formation of the emulsion was studied by visual observation and light microscopy. The size distribution of the water droplets in CH 2 Cl 2 /water emulsion was characterized by light microscopy with water soluble dye (Rhodamine B) and dynamic light scattering (DLS), as showed in Figure S1c . The size of the droplets was in the range of 5 ～ 60 nm. Figure S1 . The optical micrographs of the emulsion stabilized by SAAS-C 12 in CH 2 Cl 2 /water (a) and the fluorescence microscopic analysis using Rhodamine B (b) respectively; (c) The particle size distribution of water droplets in the emulsion was determined by DLS.
2. The formation of MOFs using emulsion as template. Table 2 (a); XRD pattern (b) and TEM image of Ru/Zn-MOF catalyst after used for five times. 
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